Background: Among numerous factors linked to nutrition transition globally, physical inactivity has been identified as a key triggering factor. At present, little is known about physical activity patterns among the Indigenous population in Brazil, which exhibits higher prevalence rates of excess weight than the non-Indigenous population. The present study aims to characterize physical inactivity and associated socioeconomic factors among members of two Xavante villages in Central Brazil. Methods: This study population included individuals ≥ 18 years of age residing in Pimentel Barbosa and Etênhiritipá villages, Pimentel Barbosa Indigenous Reserve, Mato Grosso State, Brazil. Physical activity data were collected in February 2011 using an adaptation of the short version of the International Physical Activity Questionnaire (IPAQ). Bivariate and multivariate analyses were conducted to assess associations between variables. Results: Of a total eligible population of 256 adults, 82.4 % participated in the study. The overall prevalence of physical inactivity was 17.5 %, markedly lower than has been described using similar methods for the global and overall Brazilian populations. The prevalence rates of overweight and obesity were 52.1 and 21.8 %, respectively. Physical inactivity was more prevalent among males (22.4 %) than females (14.4 %), although this difference was not statistically significant. In the final multivariate model, physical inactivity was more prevalent among individuals ≥ 60 years of age (PR 2.00, CI 95% 1.02-3.92) and members of households with a television (PR 1.76, CI 95% 1.01-3.05). Individuals in households that planted a garden the prior year were less likely to be physically inactive, although the level of significance was slightly greater than 0.05 (PR 0.55, CI 95% 0.29-1.01). Conclusions: Our findings suggest that the Xavante pattern of physical inactivity differs from the country's non-Indigenous population in that age-related increases appear later in life and subsistence activities contribute importantly. Physical inactivity among Indigenous peoples in Brazil deserves greater attention due to indications it is not always related to nutrition transition in the same manner as in non-Indigenous populations.
Background
In recent decades, physical inactivity has come to be viewed as an important global public health issue due to its strong association with the occurrence of obesity and other chronic noncommunicable diseases, such as diabetes mellitus and hypertension, that comprise the nutrition transition complex on a global scale [1] [2] [3] .
Among the numerous environmental, socioeconomic, educational, and behavioral factors linked to nutrition transition in the world population, decline in physical activity has been identified as a key triggering factor [4] [5] [6] . In Brazil, evidence of nutrition transition has been documented since the mid-1970s in conjunction with markedly unequal distribution of obesity and chronic diseases in the population according to income, education, ethnicity, and other sociodemographic indicators [7] [8] [9] . Recent surveys of physical activity patterns in Brazil have consistently highlighted the relatively low proportions of adults of both sexes considered to be physically active [10] [11] [12] .
Within this national context, the Indigenous population in Brazil is particularly vulnerable to the set of conditions associated with nutrition transition, including excess weight during adolescence and young adulthood, as documented by a growing number of studies on obesity epidemiology and associated diseases among different Indigenous ethnic groups in the country [13] [14] [15] [16] [17] . According to the most recent national census, the country's Indigenous population in 2010 was nearly 897,000, of which 58 % resided in federally recognized Indigenous reserves [18] . Although comparatively small relative to Brazil's total population, with over 300 ethnic groups it is among the most diverse national Indigenous populations in the world. Recent data from the First National Survey of Indigenous People's Health and Nutrition in Brazil revealed that 46.1 % of Indigenous women are overweight and 15.8 % are obese [19, 20] . As observed globally, important aggravating factors involved in the overall setting of rapid epidemiological and nutritional transition among the country's Indigenous peoples are type 2 diabetes mellitus and hypertension, diseases also associated with physical inactivity [16, 21, 22] .
At present, little is known about physical activity patterns among the Indigenous population in Brazil. With the exception of a study by Santos et al. [23] , which investigated activity and physical performance patterns in a population-based sample of members of the Khisêdjê ethnic group in the Upper Xingu region of Central Brazil, all other publications address the issue from the perspective of physical exercise and fitness [24] [25] [26] [27] [28] [29] [30] .
The Xavante (auto-denominated A'uwẽ) people of Central Brazil are characterized by several authors as highly vulnerable to obesity and chronic diseases such as diabetes mellitus and hypertension (see review in [31, 32] ). Health and nutrition evaluations conducted in different Xavante communities have suggested that observed elevated frequencies of overweight and metabolic disorders among adults of both sexes are associated with reduced levels of physical activity due to historical socioeconomic changes, emergent forms of work and locomotion that require less energy, as well as rapid increases in the consumption of foods rich in oils and carbohydrates [16, [33] [34] [35] [36] . Our previous ethnographic research also suggests that the Xavante attribute this historical transformation in body composition to a combination of dietary and physical activity behavior changes [13] . Nevertheless, physical activity patterns among the Xavante were not previously directly evaluated by systematic means.
The present study aims to characterize physical activity patterns among Xavante individuals living in two villages in the Pimentel Barbosa Indigenous Reserve using a standardized and internationally validated instrument, the International Physical Activity Questionnaire (IPAQ), and investigate their association with selected sociodemographic and nutritional variables.
Methods

Population
Permanent contact between the Xavante population now living in the Pimentel Barbosa Indigenous Reserve and the Brazilian federal government was established in the 1940s as economic expansion policies brought demographic frontiers into closer proximity with Indigenous peoples in eastern and central Mato Grosso State [31, [37] [38] [39] . Previously, the Xavante people subsisted through a combination of wild resource procurement and limited agriculture within expansive territories in the cerrado (tropical savanna) landscape of Central Brazil [31, [38] [39] [40] . Occupying relatively large villages, often with hundreds of residents, smaller trekking groups also travelled extensively throughout the year to obtain seasonally dispersed resources [39] [40] [41] . Significantly greater caloric resources were obtained through collecting than horticulture at most times of the year [40] . As a consequence of territorial circumscription by ranches, reduction of officially recognized Indigenous lands, and governmental promotion of development projects emphasizing mechanized rice agriculture, particularly after the 1960s, the Xavante became increasingly sedentary and reliant on market resources [31, 33, 42] . Worthy of special note are new sources of monetary income, especially public sector salaries and social benefits, that contributed to recent dietary changes and socioeconomic differentiation within villages [13, 31] .
This study sought to include the entire Xavante population ≥ 18 years of age residing in two villages, Pimentel Barbosa and Etênhiritipá, located in the Pimentel Barbosa Indigenous Reserve, Mato Grosso State, Brazil.
Having separated from each other as recently as 2006 and being located less than one kilometer apart, they share widespread genealogical connections and participate in the same local subsistence and regional market economies [39] .
Questionnaire and measurements
Data regarding physical activity patterns were collected during home visits in the presence of Xavante-Portuguese translators. Two skilled translators, one for each village, were previously trained by the interviewer (JRML) during orientation workshops and practice interviews. Interviews were conducted individually with each participant using an adaptation of the short version of the IPAQ instrument available in Portuguese and validated for use in Brazil [43] [44] [45] . As recommended by the IPAQ Committee [46] , prior to fieldwork and with the help of Xavante interlocutors we adapted this instrument to accommodate specific cultural characteristics of this group and then performed pilot tests to verify that all questions were understood. The principal adaptations implemented were more thorough definitions of vigorous and moderate activities and reformulation of associated examples in order to improve their cultural relevance for Xavante men and women.
Fieldwork was carried out in February 2011 in Pimentel Barbosa and Etênhiritipá villages. All residents ≥ 18 years old present at the time of fieldwork were invited to participate. IPAQ interviews were conducted at the participant's home with the assistance of a translator. During these individual interviews we also asked a series of questions regarding participants' schooling, sources of income, employment status, and smoking and alcohol consumption frequencies. Additional questions regarding household composition and socioeconomic conditions (monthly income, household food diversity, and presence of durable industrial goods) were conducted separately through interviews with heads of household or other adult residents.
Data regarding diversity of non-traditional foods consumed by household members were collected using a list of 29 foods considered by Xavante consultants to be non-traditional, meaning they were bought in stores (for example, coffee and sugar) or not present in the dietary economy prior to contact with non-Indigenous people (for example, mango fruit and sugarcane). This list of items was developed during research in the previous year and updated immediately prior to this fieldwork. The respondent indicated whether his or her household tended to consume each item rarely/never; sometimes/ seasonally, or frequently/daily. Because this question sought to estimate overall household consumption patterns it did not capture individual variation in nutritional intake within households.
Presence of durable industrial goods was recorded as the number of items owned by residents of the household based on a list of 22 durable industrial goods adapted from instruments used by us in the same population the previous year and updated immediately prior to this fieldwork [13] . This list included motor vehicles, notebooks, generators, televisions, parabolic antennas, video and audio players or recorders, gas stoves, sewing machines, cellular phones, cameras, firearms, fishing nets, and bicycles.
Stature and weight measurements were made by trained researchers, which included three of the authors (JRML, CEAC, and JRW) following Lohman et al. [47] , with subjects wearing light apparel and barefoot. Standing height was measured with a free-standing anthropometer (seca model 214, Hamburg, Germany) and recorded to the nearest 0.1 cm. Body weight was measured with a portable digital scale with 100 g accuracy and 150 kg maximum capacity (seca model 872, Hamburg, Germany).
Analyses
Individual physical activity levels were calculated following the IPAQ Committee scoring protocol [48] considering the categories inactive and active. Individuals were classified as inactive if they reported practicing no physical activities or received scores ≤ 600 MET-minutes/ week. Those classified as active received scores > 600 MET-minutes/week.
Body Mass Index (BMI) was calculated (kg/m 2 ) and classified in accordance with World Health Organization recommended cutoff points [49] : underweight (<18.5 kg/ m 2 ), normal (18.5 to 24.9), overweight (25 to 29.9), and obese (>30).
Several other variables were classified prior to statistical analyses. Participants' age was grouped into three categories (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) , and ≥ 60 years) based on our previous ethnographic data regarding physical activity during the Xavante life cycle [50] . Years of schooling was classified in two groups (≤4 and > 4 years). Three additional individual variables were classified using binary (yes or no) values: employed with regular salary, regular or occasional smoker, and at least one alcoholic beverage per week (in response to the question "how many times in a typical week do you usually drink?"). The household variable per capita income for adults (total household income divided by the number of adult residents) was classified in two groups, low and high, based on the median value among households (≤ R$ 220 and > R$ 220; at the time of research equivalent to ≤ US$ 132 and > US$ 132) and subsequently distributed to all resident participants. Other household variables were classified using binary values (yes or no) and subsequently distributed to all resident participants: presence of electricity, presence of television, presence of motorcycle, presence of bicycle, and food garden planted in prior year.
Diversity of non-traditional foods consumed was calculated for each household by totaling the number of nontraditional food items reported to have been consumed by members of the household (sometimes/seasonally or frequently/daily). As a measure of consumption by the household unit, it is an economic indicator rather than a proxy for individual nutritional intake. Households were classified as consuming low or high diversity of nontraditional foods (diversity scores < 20 and ≥ 20, respectively). These values were subsequently distributed to all resident participants.
To assess the potential of selection bias due to non-participation by some village residents due to absence or refusal, we used the chi-squared test for homogeneity (significance level of p < 0.05) to assess differences between the participating and nonparticipating populations for demographic (sex and age) and key socioeconomic (household per capita income for adults, presence of television in household, and whether a household food garden was planted in the prior year) characteristics. The same test and significance level were used to evaluate differences between villages in the outcome variable physical inactivity.
In the initial data analysis, prevalence rates and unadjusted prevalence ratios (PR) were calculated for physical inactivity according to all independent variables. Subsequently, bivariate analyses were conducted using Poisson regression with robust adjustment to evaluate differences in proportions.
We then conducted multivariate analyses using a hierarchical Poisson regression model with robust adjustment of the variance for dichotomous outcomes [51, 52] . Distal household variables (per capita income for adults, electricity, television, motorcycle, bicycle, garden, and non-traditional food diversity) entered the model first, followed by individual variables (BMI, schooling, regular salary, smoking, and drinking) in the second level, and sociodemographic variables (sex and age) in the third. Estimates were adjusted for variables in the same and more distal levels. For each level of the hierarchical framework, variables with p-values < 0.25 in the bivariate analyses were initially retained at each level. Estimates of the effect of backward selection were used at each level, retaining in the final model variables with p-values < 0.05, controlling for variables retained in previous levels and sex [53] .
All data were initially consolidated and reviewed for consistency in Microsoft Excel 2007. Statistical analyses were done in STATA/SE for Windows 10.1 (College Station, TX, USA).
Results
The Xavante adult population ≥ 18 years residing in Pimentel Barbosa and Etênhiritipá villages numbered 261 individuals. The eligible population was 256 due to five individuals who were pregnant or had physical disabilities. The final study sample consisted of 211 individuals (82.4 % of the eligible population). Losses were due to absence from the village at the time of the survey (n = 15), individuals who declined to participate (n = 25), and missing data (n = 5). The number of female participants was 104 (49.3 % of the sample). The sample was distributed between age groups as follows: 18 to 34 years (58.3 %), 35 to 59 years (30.3 %), and ≥ 60 years (11.4 %).
No differences were encountered between the participating and non-participating populations for sex (p = 0.301), distribution by age group (p = 0.720), household per capita income for adults (p = 0.543), presence of television in household (p = 0.767), and whether a household food garden was planted in the prior year (p = 0.179). Analyses showed no significant differences in the distributions of physical inactivity between the two villages (p = 0.384), which were therefore treated as a single population in subsequent analyses.
The overall prevalence of physical inactivity was 17.5 %. The prevalence rates of overweight and obesity were 52.1 and 21.8 %, respectively. No individuals were underweight. Table 1 presents prevalence and unadjusted PR with associated confidence intervals of physical inactivity according to individual and household variables. Physical inactivity was more prevalent among males (22.4 %) than females (14.4 %), although this difference was not statistically significant. Physical inactivity was most prevalent in the age group ≥ 60 (PR 2.30, CI 95% 1.20-4.44). The prevalence was also greater among individuals in households with a television (PR 1.72, CI 95% 0.98-3.03), although this difference was slightly above the significance threshold (p = 0.059). Individuals in households that planted a garden the prior year were less likely to be physically inactive (PR 0.48, CI 95% 0.26-0.88).
In the final multivariate model (Fig. 1) , physical inactivity was more prevalent among individuals ≥ 60 years of age (PR 2.00, CI 95% 1.02-3.92) and members of households with a television (PR 1.76, CI 95% 1.01-3.05). Individuals in households that planted a garden the prior year were less likely to be physically inactive, although the level of significance was slightly greater than 5 % (PR 0.55, CI 95% 0.29-1.01).
Discussion
The global prevalence of physical inactivity among adults is estimated to be 31.1 % [3] . This rate for individual countries ranges from 4.7 to 71.9 %, with higher income countries tending to be less physically active. However, rates of physical inactivity in some high income countries in North America and Europe appear to be declining in recent decades [54] [55] [56] . Studies have also shown that physical inactivity is often more prevalent among women, elderly, ethnic or racial minorities, and urban populations [3, 54, 57] . According to a recent study, the overall rate of physical inactivity in Brazil is 49.2 %, being higher among women (51.6 %) than men (47.2 %) [3] . In Brazilian state capitals, physical inactivity rates have declined in the last decade [58] . Other studies conducted among urban populations in Brazil have demonstrated physical inactivity to be associated with higher BMI, age, and socioeconomic status [59] [60] [61] .
The overall prevalence of physical inactivity among the Xavante from Pimentel Barbosa and Etênhiritipá villages (17.5 %) was markedly lower than has been described using similar methods for the global and overall Brazilian populations [3] . This difference may derive partially from the observed tendency for rural populations to be less physically inactive than urban populations [57] , although this distinction has not been addressed adequately in Brazil, where most studies on physical inactivity have been conducted in urban settings. Additionally, as discussed below, differences between physical activity patterns among the Xavante and the overall Brazilian population may be associated with the distinct sociocultural and economic conditions that characterize this Indigenous group.
Very few studies have addressed physical inactivity patterns among Indigenous peoples globally or in Brazil. Overall, many studies show physical inactivity to be more prevalent among Indigenous women and those in older age, as is reported for non-Indigenous populations. However, physical inactivity prevalence rates vary widely between Indigenous groups. For example, studies using IPAQ instruments show the Inuit in Canada and the Dakota in the United States have physical inactivity rates similar to or below our findings for the Xavante [62, 63] . Studies using other methodologies, such as pedometers and other questionnaires, have reported physical inactivity rates above 50 % among Aboriginals and Torres Strait Islanders, Australia and Yakut (Sakha) in Siberia, and predominantly Indigenous urban youth (15 to 23 years) in Ghana [64] [65] [66] [67] .
With very few exceptions [23, 25] , most publications address physical activity patterns among Indigenous peoples in Brazil from the perspective of physical exercise and fitness [24, [26] [27] [28] [29] 68] . Providing results more comparable to the present study, physical activity patterns assessed by means of the IPAQ among the Terena in Mato Grosso do Sul found 15.1 % of individuals were "irregularly" active [25] . Also, 29.7 % of Khisêdjê in the Upper Xingu were found to be sedentary or with low physical activity based on pedometry [23] . Although these results used different measures, they suggest that in addition to the Xavante, multiple Indigenous groups show lower physical inactivity prevalence rates than the general Brazilian population.
Our bivariate and multivariate results show physical inactivity was more prevalent among elderly Xavante individuals. Similar patterns are observed globally and in the overall Brazilian population [3, 57] , although this contrast was particularly pronounced among the Xavante. Although the inverse association between age and physical activity is well established globally and shown to have biological causes [69] , multiple studies show rate of decline to be much greater during adolescence than during adulthood [70] . Among the Xavante, however, the greatest difference was observed among individuals ≥ 60 years of age (37.5 %) as compared to those 18-34 (16.3 %) and 35-59 (15.6 %). This pattern may be associated with the importance in Xavante society of subsistence and work related activity, which remains elevated well into adulthood. Xavante men and women continue to produce food and resources, in large measure by means of physical labor, throughout their lives due to ongoing responsibility for the wellbeing of their children, grandchildren, and great grandchildren. As in other Indigenous societies in Brazil [71] , it is only relatively late in life that many elderly Xavante decrease their participation in such subsistence activities as gardening, collecting, hunting, and fishing, receiving subsistence support from their in-laws and other relatives. Physical inactivity among the Xavante was also less prevalent among individuals living in households that planted a food garden during the previous year (PR 0.55), although the significance of this difference was slightly more than 5 %. Gardening is a traditional activity among this ethnic group which intensified in the 1970s and 1980s due to a federal development project aiming to transform the Xavante into commercial rice agriculturalists [31, 39] . The project was a decided failure, serving to increase Xavante reliance on external resources and transforming their dietary economy base from collecting, hunting, and fishing in conjunction with limited horticulture to rice. Although most households plant gardens every year, some do not because they have access to the financial resources to buy food in nearby towns or acquire food from relatives and neighbors through trade and reciprocity. The observed difference in physical inactivity prevalence rates according to whether one's household planted a garden suggest that this subsistence activity contributes importantly to the overall physical activity pattern in the community. Other activities such as collecting and hunting may also contribute to this profile, although these were not assessed in the present study.
A strong relationship exists between television watching and physical inactivity, especially among children [72] . In the present study, presence of a television in the household was used as a proxy for television watching. Despite this measure being less sensitive, Xavante individuals living in households with a television presented significantly greater prevalence of physical inactivity (PR 1.76) in the final model. Televisions powered by generators existed in the study villages for at least a decade before our fieldwork, but became more common since 2007 with increased reliability of energy sources and greater access to disposable income. Although individuals within households watch television with different degrees of frequency, it is not uncommon to observe entire families and visitors seated throughout these singleroom dwellings watching the news, soap operas, or sports games on television. Even greater numbers of households acquired televisions after the first grid electrical lines were installed in the village in late 2011 through the federal program Luz Para Todos ("Electricity for All"), but possible impacts were not reflected in our analyses and results from February 2011.
Our results did not show a significant difference in physical inactivity prevalence between men and women. Although one recent study did find such a difference among the general Brazilian population [3] , another based on a nationwide sample also found no significant difference between the sexes [73] , possibly due to the long form IPAQ including questions about household activities. Our adaptation of the short form IPAQ included culturally appropriate and gender specific examples of vigorous, moderate, and light physical activities in order to facilitate recollection by all respondents, which may have contributed to this lack of association. Among the Xavante, subsistence and leisure activities are highly differentiated by gender [35, 74, 75] . For example, whereas both men and women work in gardens, they consider hunting and collecting to be men's and women's activities, respectively. Also, both sexes participate in such recreational activities as soccer and traditional log races, but they often do so separately and with different degrees of frequency. Consistent with these observations, our data show that vigorous activities contributed more to the total physical activity rate of Xavante men while moderate activity rates contributed more to those of women. Nevertheless, these differences did not result in significantly different physical inactivity prevalence rates in the present study.
Numerous studies among Indigenous peoples globally and in Brazil have shown an association between physical inactivity and body composition, as measured by BMI or other proxies [23, 63, 65, [76] [77] [78] . In the present study, no significant relationship was encountered between physical inactivity and BMI. Although this finding potentially could be related to the indirect nature of this proxy for adiposity, as suggested in a study with similar results [62] , a previous study in a different Xavante community found BMI to be highly correlated with other more direct anthropometric measures [79] . Consequently, our observed lack of association may be due to other limitations of the study, such as the crosssectional study design, imprecision of the IPAQ instrument, and relatively small sample size.
The IPAQ instrument is widely used to assess physical inactivity in geographically disperse and culturally distinct populations due to its efficacy for epidemiological studies [45] , as well as its low cost, adaptability, and advantages for comparability between studies [12] . However, the short form of this questionnaire consistently overestimates physical activity due to over reporting by interviewees [80] [81] [82] . Among the Xavante, over reporting was evident in some responses and contributed to overestimation of moderate and vigorous activities for some individuals. Although recall was also a problem, we perceived that many respondents had difficulty transforming their memories of physical activities into chronological time estimations, especially because many Xavante do not use watches and instead estimate time by other means, such as position of the sun.
Another limitation of the study was the short time window within which interviews were conducted. Differently from many urban populations, physical activities among the Xavante vary substantially in accordance with village-wide activities, such as ceremonial activities, group collecting and hunting excursions, and the domestic gardening cycle. Consequently, it is not uncommon for most women or men of certain age groups to be engaged in similar activities at the same time. Consequently, short periods of field research may result in documenting skewed physical activity patterns for large segments of the population. The data presented here were collected during one of three attempts, the other two of which were unsuccessful due to village-wide hunting and ceremonial activities. Similarly, the crosssectional study design is also a limitation because individual variation in physical inactivity was not assessed for periods longer than one week and seasonal variation was not captured. This limitation may have contributed to the lack of associations encountered between physical inactivity and independent variables reflecting longer term conditions, such as BMI, schooling, and employment status.
Conclusion
The factors associated with physical inactivity among Indigenous peoples involve complex dynamics related to recent transformations in their social and economic systems and ecological settings in conjunction with cultural dimensions. Our results show that physical inactivity is less prevalent among the Xavante from Pimentel Barbosa and Etênhiritipá villages than the national population, even though they are shown to suffer from higher rates of excess weight. This point and our finding of no significant association between physical inactivity and BMI suggest that more research is necessary to fully understand the link between physical activity, nutrition, and health outcomes among the Xavante. At present, physical activity and inactivity receive scarce mention in the national politics of health and education of Indigenous peoples in Brazil. Our findings show that physical activity patterns are related to work and leisure behavior, suggesting that further research, as well as health and education interventions, should address both. 
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